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Introduction

The nasal septum is one of the key structures in nasal
surgery. The septum helps regulate smooth airflow through
the nasal cavities. Its main functions are to provide support
and stability to the external nose and to forma foundation for
the nasal mucosa. Nasal septum deviation is among themost
common causes of nasal obstruction.1,2

Iatrogenic traumas have been increasingly recognized as a
result of widespread availability of endoscopic sinus surgery
due to technological advances and a better understanding of
the paranasal sinuses. Cerebrospinal fluid (CSF) leak is the
most prevalent event following trauma. At the junction of the
thicker orbital rim of the frontal bone and the thin lateral
lamina of the cribriform plate, there is a connection that
extends to the posterior part of the recessus frontalis. This
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Abstract Introduction Functional endoscopic sinus surgery and endoscopic skull base surgery
are frequently performed surgeries today. Nasal septal deviation is a common finding
and can affect the surgical area. Therefore, it is important to examine the effect of this
deviation on other anatomical structures.
Objectıve The aim of the present study was to determine whether there is a
relationship between the degree of nasal septal deviation and anterior skull base
structures using computed tomography (CT).
Methods A total of 312 patients (aged 18 to 65 years old) whose paranasal sinus CT
images were available were included in the study. Measurements were obtained on
images retrieved from Picture Archiving and Communication System (PACS) and Horos
image archive systems in the bone window in the coronal and axial plane.
Results The mean age of 312 patients was 33.00 years old (standard deviation [SD]
11.22 years). The presence of septal deviation was not associated with changes in
olfactory fossa (OF) depths, Keros degrees, and the angle between the lateral lamella
and the cribriform lamella. However, OF depths and Keros degrees on the deviated side
of the septum were found to change at a significant level (p<0.05). No significant
association was observed between the degree of septal deviation and cribriform
lamella-lateral lamella angle.
Conclusion The study showed significantly increased OF depth and Keros degree on
the deviated side of the nasal septum. Performing CT scans before endoscopic sinus
surgery and endoscopic skull base surgery is important to increase the chances of a
successful surgical outcome and to reduce complications.
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connection is in close relation with the anterior skull base.
This is the areawhere CSF leak occurs most frequently due to
penetration during surgery.2

The Keros classification is based on the length of the
lateral lamella that joins the cribriform plate to the fovea
ethmoidalis of the frontal bone and is used as an important
parameter in predicting the depth of the skull base in
endoscopic sinus surgery3,4

High-resolutioncomputed tomography (CT) (alsoknownas
thin-section CT scanning) is particularly useful for anatomical
evaluation of the nasal septum and skull base to prevent
complications and residual/recurrent diseases.Measurements
are obtained from the bone windows.5 A variety of methods
have been reported in the literature to measure nasal septum
deviation. Thepresent studyaimed toobtaindata that couldbe
used to improve the safety of endoscopic sinus surgery by
comparing the septal deviation anglewith the key parameters
for anterior skull base surgery using CT.

Materials and Methods

The present study was initiated after obtaining approval from
the localethics committee (ApprovalNo:E-19–2608).A total of
350 patients (age range, 18 to 65 years old) who presented to
the otorhinolaryngology outpatient clinic of Ankara Numune
Research and Training Hospital with complaint of nasal ob-
struction and underwent paranasal sinus CT imaging since
January 2014 were included in the study. The study had a
retrospective design. Patients with a history of previous trau-
ma or surgery on the nose, and patients with a sinonasal
tumor, sinonasal polyposis, acute rhinosinusitis, CSF leak and
significant facial deformity were excluded from the study.

Computed tomography imaging was performed using a
multi-detector spiral CT scanner (Toshiba Alexion Advance
16, 2008 Japan). Computed tomography parameters were
120 KVP, 100–150mA, minimum slice thickness of 0.5mm
(axial) and matrix size of 512�512. Images retrieved from
Picture Archiving and Communication System (PACS) and
Horos image archive systems were evaluated in the bone
window with 1-mm sections in the axial and coronal plane.
The infraorbital nerve point, the fovea ethmoidalis and
medial ethmoid roof point, the lowest point of the lateral
lamella of the cribriform plate, and the anterior ethmoidal
artery point were determined as standard anatomic land-
marks. Measurementswere taken after marking these points
(►Fig. 1 and ►Fig. 2). The angle of septal deviation was
determined in the coronal plane by drawing a line from the
nasal spine to the point where the septumwasmost deviated
and another line to the base of the crista galli in the midline
(►Fig. 3). In measurements made in axial sections, the
distance between the midline passing through the anterior
nasal spine and the posterior nasal spine and the section
where the deviation is most severewas measured. The length
of a vertical line drawn horizontally from themedial ethmoid
roofwasdefinedas themedial ethmoid roofheight. The length
of a vertical line drawn from the cribriform plate to the
horizontal plane was defined as the height of the cribriform
plate. The height of lateral lamellawas estimated by subtract-

ing the cribriform height from the medial ethmoid roof
height. The depth of the olfactory fossa was categorized as
KerosType1 (depth1 to3mm),KerosType2 (depth4 to7mm)
andKeros Type 3 (depth 8 to 16mm). Statistical analyseswere
based on these values. All measurements on CT images were
performed by the same otorhinolaryngologists.

The angle between the cribriform lamella and lateral
lamella was determined by combining the plane running
perpendicular to the orbit from the cribriform lamella and
the axis of the lateral lamella (►Fig. 4). Except for the septal
deviation angle, all measurements were obtained bilaterally.

Statistical Analysis

The study parameters were analyzed using STATA 14.2
(StataCorp LP, College Station, TX, USA) in terms of statistical
significance and associations. Age, sex, presence of a deviated
septum, direction, and measured angles of septal deviation,
right/left OF depths, right/left OF angles, and Keros types for
the right and left sides were recorded for 312 patients and
the effects of septal deviation angle on the skull structure
was examined statistically based on these data. The

Fig. 1 Lateral lamella measurement technique

Fig. 2 Lateral lamella measurement
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statistical method used for the study is described below.
Initially, the statistical features of the sample data were
summarized and whether the nonparametric data distribu-
tionwas close to normalwas checked using the Kolmogorov-
Smirnovand the Shapiro-Wilk tests aswell as visualization of
a histogram. The Pearson chi-squared test was used to
analyze independence of categorical variables. Analysis of
variance (ANOVA) was also used to test the independence of
the groups. After confirming the suitability of the sample
data for the study, the associations among dependent vari-
ables related to the anterior skull base structure and
the degree of septal deviation using the Spearman correla-
tion test both independently and depending on the direction
of association. The significance levels were set at 5% for all
statistical analyses (p<0.05).

Results

At the beginning, 350 patients were recruited and, ultimate-
ly, 312 patientswere included in the present study. However,
information on age was available for 306 patients. The mean
age� SD of 306 patients was 33.00�11.22 years. Septal
deviation was not detected in 43 out of 312 patients. The
mean age (�SD) was 34.95�13.90 years old for patients
without septal deviation and 32.68�10.71 years old for
patients with septal deviation (►Table 1).

Out of the 312 patients included in the study, 105 were
female and 207 were male. Septal deviationwas absent in 86
out of 105 females and in 183 out of 207 males.

From the CT images reviewed, it was found that the
mean depth was 5.75�2.15mm for the right OF and
5.51�1.99mm for the left OF. However, when the angle
between the lateral lamella and cribriform lamella was
examined, it was 69.9�15° on the right side and
68.59�21.3° on the left side. The mean septal deviation
angle of the entire study population was 144.45�21.32°
in the coronal plane. The mean septal deviation angle of
the entire study population was 146.75�13.2°. High
deviation angle was used in calculations. On the right
side, the angle between the cribriform plate and the
lateral lamella was measured a minimum of 67° and a
maximum of 165°. The corresponding figures were a
minimum of 65.6° and a maximum of 160° on the left
side (shown in ►Table 1).

It was evaluated whether the parameters were normally
distributed or not. At the significance (p) level of<0.05,
right/left OF depth and left OF angle values showed a normal
distribution and the distribution of right OF angle values was
close to normal. Values for age and septal deviation angles
were not normally distributed. The anterior skull base
parameters of the study sample followed a normal distribu-
tion (p<0.05) and therefore, deemed suitable for statistical
analysis.

Fig. 3 Measurement of septal deviation angle

Fig. 4 The angle between lateral lamella and cribriform lamella
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For the results of the normal distribution test among only
patients with septal deviation, all variables except age were
found to be normally distributed at a significance level of
p<0.05. Thus, the data were considered suitable for statisti-
cal analysis.

The independence of categorical variables (age, sex) and
groups was analyzed. The results showed that septal devia-
tion and direction of the septal deviation were independent
of age and sex.

Statistically, both septal deviation and directions were
independent of age and sex. The independence of anterior
skull data from septal deviation showed independence of
septal deviation direction at a significance level of p<0.05.
No statistically significant association was found between
septal deviation and the right lateral lamella - cribriform
lamella angle and the left lateral lamella - cribriform lamella
angle (p<0.05).

From the table above showing septal deviation and ante-
rior skull base parameters, it was observed that the presence
of septal deviation did not change the depths of OFs,
Keros degrees and the angle between the lateral lamella
and the cribriform lamella (p>0.05).

The results presented above show that both categorical
variables and other parameters are independently distribut-
ed and follow a normal distribution in the presence of septal
deviation. The presence of a deviated septumwas analyzed in
both directions and for the right- and left-sided deviations
separately. The Spearman correlation test was also used to
determine whether the septal deviation angle was statisti-
cally correlated with the skull base variables (►Table 2).

Deviated regions of the nasal septum and their degrees
were evaluated. Deviation in the bony septum was observed
to accompany some changes in the anterior skull base
structure. However, the deviation of the cartilage septum
did not have a significant effect on the anterior skull base
parameters. The study results demonstrate that a significant
increase in septal deviation affects both left and right OF
depths (p¼0.0095 for the right side and p¼0.0445 for the
left side). In addition, the Keros degree was significantly
affected by the septal deviation degree such that the right
Keros degree was affected when the septumwas deviated to
the right (and the left Keros degree is affected when the
septum is deviated to the left.) P-values were as follows:

p¼0.167 for the right Keros degree and p¼0.053 for the left
Kerosdegreeat right-sideddeviation; andp¼0.04 for theright
Keros degree and p¼0.042 for the left Keros degree at left-
sided deviation. This effectwas also apparenton thedirection-
independent analysis depending on the sample size. Despite
that, it was concluded that septal deviation affects Keros
degree in the same direction since the interaction of septal
deviationwith opposite Keros degree was rejected at p>0.05
level. All are shown in ►Table 3.

Discussion

Besides being thekeystone for the nasal roof, the nasal septum
has a crucial role in the regulation of nasal airflow. Septal
deviation is the most common nasal septum condition with a
prevalence varying from 20 to 40%.3,6,7 The perpendicular
plate of ethmoid bone is one of the most important compo-
nents of the bone nasal septum. The lamina cribrosa of the
ethmoidbone (alsoknownas thecribriformplate) ispartof the
inferior segment of the anterior cranial fossa. Due to its
anatomic structure, the ethmoid bone is included in the skull
base in different shapes and angles.8 For this reason, the
association of septum and ethmoid bone and their variations
in the skull base structurehavebeen increasingly investigated.

Several classifications have been introduced for the char-
acterization of septal deviation but none of them has

Table 1 Associations among age, olfactory fossa depth, olfactory fossa angle and septal deviation

Variable n Mean Std. Dev. Min Max

AGE 306 33.003 11.218 18 68

ROFDEPTH 312 5.753 2.154 1 13

RCPDEG 312 69.977 15.012 67 165

LOFDEPTH 312 5.512 1.994 1 12.3

LCPDEG 312 68,59 14.240 65.6 160

SDDEG coronal 312 144.455 21.323 92.8 180

SDDEG axial 312 146.75 13.2 120.3 180

Abbreviations: LCPDEG, Left Cribriform Plate Angle; LOFDEPTH, Left Olfactory Fossa Depth; RCPDEG, Right Cribriform Plate Angle; ROFDEPTH, Right
Olfactory Fossa Depth; SDDEG, Septal Deviation Angle.

Table 2 Independence test for septal deviation and anterior
skull base parameters

Variable| Probe> F

ROFDEPTH SD 0.923

LOFDEPTH SD 0.773

RKEROSDEG SD 0.907

LKEROSDEG SD 0.789

ROFDEG SD 0.616

LOFDEG SD 0.901

Abbreviations: ROFDEPTH, Right Olfactory Fossa Depth ; LOFDEPTH,
Left Olfactory Fossa Depth; RKEROSDEG Right Keros Angle , LLKEROS-
DEG Left Keros Angle ROFDEG, Right Olfactory Fossa Angle; LOFDEG Left
Olfactory Fossa Angle.
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widespread use.9 In the present study, the angle between the
nasal spine and themost deviated part of the septum and the
midline of the skull base was used, being measured with CT
in the axial and coronal plane. There is a critical anatomic
junction among the septum, the ethmoid bone, and the
anterior skull base. Due to the embryological development
of the ethmoid bone and the structures to which it is
associated, CT evaluation performed in the preoperative
period is especially important in showing bone deviation
and related skull base effects. In endoscopic sinus surgery,
interventions directed at this site may potentially result in
complications such as CSF leak, ethmoidal artery injury, and
damage to the olfactory region. Therefore, it is of paramount
importance to have a better understanding of these struc-
tures preoperatively to prevent many complications.10 With
this in mind, the present study aimed to better understand
the relations among these structures.

The angle of septal deviation and its relations with the
paranasal sinuses and the skull base have been investigated
in several studies. In a CT study by Skorek et al.11 examining
120 patients, Keros types 1, 2, and 3 were identified in 9.2,
75.8 and 15% of the cases, respectively. However, they
reported that, despite the presence of statistically significant
correlations, patient age, sex, and measurement side cannot
be regarded as being clearly associated with critical meas-
urements. Similarly, in the present study, no significant sex-

or-age related differencewas found in septal deviation in the
adult patient population.

In a study by Keros, Keros type 2was found in %70.2 of the
individuals and it was reported that it was themost common
Keros type in the general population. The same study also
found a lower Keros degree on the right side when compared
with the left side.12 In linewith previous studies, Keros type 2
was the most common type in our study at a rate of 64.1%,
followed by Keros type 1 at 21.4%, and Keros type 3 at 14.5%.
The Keros classification was based on the longest segment
of the lateral lamella and the mean OF depths were
5.75�2.15mm on the right side and 5.51�1.99mm on
the left side. Arıkan et al. performed measurements on
both coronal and sagittal planes using CT in 30 patients.
May et al. obtained similar measurements using lateral sinus
radiography. Both Arıkan et al. and May et al. observed an
asymmetry between right and left Keros degrees at a sta-
tistically nonsignificant level.8,9 In other studies investigat-
ing the asymmetry of the lateral lamella, Adeel et al.11

reported a mean lateral lamella height of 5.5�2.1mm on
the right side and of 5.2�2mm on the left side as well as
asymmetry in 94.8% of the patients. Similar to our findings,
Erdem et al.13 found a mean cribriform plate depth of
6.1�2.3mm on the right side and of 6.1�2.2mm on the
left side with no significant difference between the opposite
sides. Although no statistically significant difference was
found between the sides on the direction-based analysis of
Keros degrees, surgeons should be aware of different heights
of the cribriform plate between the sides and a declining
level of the skull base prior to sinus surgery.

Several studies in the literature looked at how a deviated
septum may affect other anterior skull base parameters.
Among these, Saylısoy et al.14 evaluated 99 patients using
paranasal CT scanning in coronal sections to identify rela-
tionships between septal deviation angle and cribriform
plate (CP) width and found a nonsignificant difference
between ipsilateral and contralateral sides in the mean CP
width when compared by septal deviation side (CP width
4.69�1.36mm at the ipsilateral side and 4.58�1.51mm at
the nondeviated side; p¼0.063). Similarly, in our study, the
angle between the lateral lamella and the cribriform lamella
was not associated with septal deviation (p¼0.059 for
RCPDEG and p¼0.064 for LCPDEG). This suggests that the
angle between the cribriform lamella and the lateral lamella
is less affected by anatomical variations. As a parameter less
affected by variations, this area may be considered a key-
stone especially when working around the anterior ethmoi-
dal artery and the frontal sinus in endoscopic sinus and skull
base surgery and may allow for a clear-cut surgical planning.

The present study sought to determine a parameter that
changes with the direction of the septal deviation. It was
observed that the presence of septal deviation did not change
olfactory fossa depths, Keros degrees and lateral lamella -
cribriform lamella angle in an independent manner
(p>0.05). However, on the deviated side of the bony septum,
olfactory fossa depths and Keros grades changed significant-
ly (p<0.05). This finding is important to prevent complica-
tions when an endoscopic sinus and skull base surgery is

Table 3 Correlations of septal deviation angle with anterior
skull base variables

SDDEG SSDEG (R) SDDEG (L)

SDDEG 1.000 1.000 1.000

SDDEG P values 0.000 0.000 0.000

ROFDEPTH - 0.2102� - 0.2234� - 0.1739�

ROFDEPTH
P values

0.0005 0.0095 0.0445

LOFDEPTH - 0.2017� - 0.1941� - 0.1970�

LOFDEPTH
P values

0.0009 0.0247 0.0225

RKEROSDEG - 0.2020� - 0.2064� - 0.1675

RKEROSDEG
P values

0.0009 0.0167 0.0530

LKEROSDEG - 0.1747� - 0.1646 - 0.1756�

LKEROSDEG
P values

0.004 0.0573 0.0424

RCPDEG 0.0596 - 0.0147 0.0104

RCPDEG
P values

0.331 0.1921 0.9051

LCPDEG - 0.0646 0.0486 - 0.0183

LCPDEG
P values

0.291 0.2343 0.8336

Abbreviations: SDDEG, Septal Deviation Angle; ROFDEPTH, Right
Olfactor Fossa Depth; LOFDEPTH, Left Olfactor Fossa Depth; RKEROS-
DEG, Right Keros Angle; LKEROS Deg, Left Keros Angle; RCPDEG, Right
Cribriform Plate Angle; LCPDEG, Left Cribriform Plate Angle.
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performed on the deviated side. Increased length of the
lateral lamella at the deviated side has been previously
shown by Asal et al. in a CT study of 300 patients15 and in
the study by Saylısoy et al.14 Other studies that focused on
the direction of nasal septumdeviation includes one study by
Bayrak et al.,16 who did not find a significant association
between olfactory fossa depth and the direction and angle of
septal deviation on CT scans of 225 patients. On the other
hand, in the aforementioned study by Saylısoy et al., it was
reported that the ethmoid roof was deeper on the contralat-
eral side of septal deviation.14 However, our study is more
comprehensive because of the higher number of CT images
evaluated and of the inclusion of a group without nasal
septum deviation. These results show that OF depth and
Keros degree increase on the deviated side of the bony part of
septum with no significant changes in these parameters on
the contralateral side. In a study by Abdullah et al., the angle
between the lateral lamella and the cribriform lamella was
not significantly associated with Keros degrees, which is
consistent with our findings.17Anatomical variations includ-
ing a longer and thinner course of the lateral lamella and a
deeper location of theOFmay increase the riskof intracranial
complications during functional endoscopic sinus surgery
(FESS).18 Thus, these variations should be considered by
surgeons prior to endoscopic sinus surgery and endoscopic
skull base surgery, especiallywhen operating on the deviated
side of the septum.

Conclusion

Prior to endoscopic sinus surgery and endoscopic skull base
surgery, it is extremely important to perform a CT assess-
ment and to determine anatomical structures and variations
to prevent complications. In the current study, it was ob-
served that the olfactory fossa depth on the deviated side
increased with increased degree of bony septal deviation.
This piece of informationmay be useful for surgeons to avoid
complications such as CSF fistula. Although the number of
patients included in our study was sufficient to draw some
conclusions, further studies with a larger sample size are
warranted to evaluate parameters in the sagittal plane as
well as in the coronal and axial plane and to investigate septal
deviation in combination with other paranasal sinus and
skull base variationsmore extensively. Nevertheless, the lack
of any effects of many variables on the angle between the
lateral lamella and cribriform lamella suggests that this angle
may be used as an important parameter for the CT assess-
ment in endoscopic sinus and skull base surgery.
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